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to	 assess	 the	 response	 of	 marginal	 marine	 benthic	 foraminifer	Ro-
salina leei	 to	 salinity	 and	 associated	pH	changes.	Live	 specimens	of	
Rosalina leei	were	subjected	to	a	range	(10-35	psu)	of	salinity.	It	was	
observed	that	hyposaline	condition	leads	to	dissolution	of	the	calcar-
eous	 tests.	However,	 if	 the	 hyposaline	 condition	persists	 only	 for	 a	
short	period,	then	even	after	considerable	dissolution,	specimens	were	
able	 to	 regenerate	 the	dissolved	part	 of	 the	 test.	Additionally,	 in	 all	
the	 specimens	 subjected	 to	 lower	 than	 normal	 salinity,	 the	 regener-








Riassunto.	 È	 stato	 compiuto	 un	 esperimento	 con	 cultura	 in	
laboratorio	per	verificare	 la	risposta	delle	variazioni	 in	salinità	e	pH	




persistono	 solo	 per	 un	breve	 periodo,	 in	 seguito	 anche	 se	 vi	 è	 stata	
dissoluzione	significativa,	gli	esemplari	sono	stati	in	grado	di	rigenera-
re	la	porzione	di	guscio	dissolta.	Inoltre,	in	tutti	gli	esemplari	portati	
a	 salinità	 inferiore	 al	 normale	 le	 camere	 rigenerate	 avevano	 caratteri	






prendere	 il	 significato	 dell’incremento	 di	 esemplari	 in	 condizioni	 di	
ambiente	sottoposto	a	stress.	
Introduction
Shallow	 marine	 waters	 are	 potential	 sites	 for	
high-resolution	paleoclimatic	studies,	due	to	relatively	
higher	 sedimentation	 rate.	Huge	 aeolian	 and	 riverine	
flux	 and	proximity	 to	 the	 land	 lead	 to	high	 sedimen-
tation	 rates	 in	 the	 shallow	marine	water,	 especially	 in	
regions	 where	 rivers	 meet	 the	 ocean.	 Benthic	 fora-
minifera,	preferentially	marine	microorganisms	with	a	
hard	calcareous	or	agglutinated	exoskeleton	known	as	
the	 test,	 are	one	of	 the	most	 abundant	 groups	of	mi-
croorganisms	 in	 the	 shallow	marine	waters.	They	 are	





1992,	 1995;	 Nigam	&	Khare	 1999;	 Robinson	&	Mc-
Bride	 2008;	 Rossi	&	Vaiani	 2008;	 Kemp	 et	 al.	 2009).	
In	 order	 to	 decipher	 past	 climatic	 changes	 from	 the	
benthic	 foraminiferal	 characteristics,	 it	 is	 necessary	
to	understand	 the	 factors	 affecting	benthic	 foraminif-
eral	distribution	in	the	shallow	marine	waters.	Various	
factors	 including	water	depth,	 sediment	 type,	organic	









fective	 in	 shallow	 water	 areas	 (Bouchet	 et	 al.	 2009;	
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Samir	et	al.	2003;	Hromic	et	al.	2006;	Horton	&	Mur-
ray	2007;	Eichler	et	al.	2008;	Frezza	&	Carboni	2009).	












(Fig.	 1).	The	 location	 is	directly	 affected	by	 the	 fresh	
water	influx	from	the	nearby	land	during	the	monsoon	
season.	Additionally,	we	also	 recorded	 the	changes	 in	
seawater	pH	at	the	same	location.	It	was	noted	that	the	
hyposaline	waters	 are	 relatively	 less	 alkaline	 (Fig.	 2).	
We	opined	that	 the	change	 in	seawater	pH	as	a	result	












ies	 can	help	 to	understand	 the	 foraminiferal	 response	
to	varying	seawater	salinity	and	associated	pH	changes.	
The	results	of	such	studies	can	then	be	applied	to	the	
sediments	 collected	 from	 the	 field.	 However,	 so	 far,	
very	 limited	 attempts	 have	 been	made	 to	 understand	
the	effect	of	 salinity	changes	on	benthic	 foraminifera,	
in	 laboratory	culture	 (Bradshaw	1955,	1961;	Stouff	 et	
al.	1999a,	1999b;	Nigam	et	al.	2006,	2008).	Such	stud-
ies	on	benthic	foraminiferal	species	from	Indian	waters	
can	 help	 to	 reconstruct	 past	 changes	 in	 Indian	mon-
soon.	The	 present	 laboratory	 culture	 experiment	was	
carried	out	to	understand	the	effect	of	hyposaline	wa-
ter	 on	 benthic	 foraminiferal	 species	Rosalina leei and	
its	capability,	(if	any),	to	overcome	the	adverse	effects	




Samples containing live specimens were collected from the 
waters off Goa, where the salinity shows large seasonal fluctuation, 
varying from 11 psu to 36 psu (Fig. 1). The location has two major 
estuaries namely Zuari and Mandovi draining huge amount of fresh 
water during southwest monsoon, which leads to large-scale changes 
in the seawater salinity within short time period. The floating as well 
as attached (to rocks submerged in seawater) algal material was col-
lected and transferred to plastic tub having filtered seawater. The algal 
material was shaken vigorously to detach foraminifera. After vigor-
ous shaking, complete material was transferred on to the sieves of size 
1000 mm to get rid of extraneous material and subsequently over to 63 
mm sieve to remove finer material including clay and silt. The >63 mm 































with	ATAGO	Hand	Refractometer.	Growth,	 abnormality	of	 test,	 if	





Fig.	3	 	-	Changes	 in	 average	 maxi-
mum	 growth	 of	 control	 and	
treatment	 set	 specimens	 in	
response	 to	 salinity	 changes.	
The	 control	 sets	 specimens	
showed	 continuous	 growth	
as	 they	 were	 maintained	 at	





started	 dissolving,	 as	 evident	
from	 the	 downward	 trend	 in	
growth.	 Later	 on,	 when	 the	
salinity	 was	 increased	 again,	
the	 average	 growth	 also	 in-
creased.	 The	 vertical	 lines	


















salinity	was	 lowered	 below	 23	 psu,	 it	 resulted	 in	 de-
creased	 pseudopodial	 activity	 and	 dissolution	 of	 fo-
raminiferal	 tests	 (Fig.	3).	However,	 the	effect	was	not	
uniform	on	 all	 the	 specimens.	Test	 of	 8	 specimens	 (2	
in	ES-1,	3	in	ES-2,	1	in	ES-3	and	2	in	ES-4)	started	dis-
solving	 once	 the	 salinity	was	 decreased	 to	 20	 psu.	 A	




once	 the	 salinity	was	 further	 lowered	 to	15	psu.	One	





dial	 activity	was	very	 limited.	The	dissolution	 started	








and	 addition	 of	 new	 chambers	 but	 also	 in	 increased	
pseudopodial	activity.	Specimens	completely	regenerat-
ed	the	dissolved	chambers	and	attained	the	size	almost	




the	 specimens	 in	 both	 the	 control	 and	 treatment	 sets	
was	comparable.	The	most	interesting	feature	was	ab-









Abnormalities	 in	 the	 case	 of	 treatment	 set	 specimens	
included	 bigger	 than	 normal	 chamber,	 disoriented	
chambers	and	differently	shaped	chambers.	Not	all	the	
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specimens	subjected	to	hyposaline	conditions	could	re-
cover;	three	specimens	died	during	the	experiment.
The	 dissolution	 of	 tests	 probably	 took	 place	
because	of	 decreased	pH	of	 seawater,	 associated	with	
the	 decreased	 salinity.	 It	 was	 observed	 that	 pH	 de-
creased	 with	 the	 decreasing	 salinity,	 both	 in	 case	 of	
media	prepared	in	the	laboratory	(Fig.	4)	as	well	as	in	
case	 of	 observations	made	 in	 the	 field	 as	 part	 of	 this	
study	(Fig.	2)	as	well	as	previous	reports	(Brown	et	al.	
1999).	Earlier	Boltovskoy	&	Wright	(1976)	noted	that	
pH	 lower	 than	 7.8	 induces	 dissolution	 of	 calcareous	
tests,	whereas	Bradshaw	(1961)	and	Angell	 (1967)	ob-
served	dissolution	of	the	selected	foraminiferal	species	
only	 under	 acidic	 pH	 conditions.	 Similarly,	 Stouff	 et	
al.	 (1999b)	also	reported	that	dissolution	in	Ammonia 
beccarii started	when	the	seawater	pH	decreased	below	
5.	However,	 the	 dissolution	 in	 case	 of	R. leei started	






to	 seawater	 pH	 7.5	 and	 7.0.	No	 dissolution	was	 ob-
















niferal	 tests	 in	numerous	paleoclimatic	 reconstruction	
studies	 (De	Rijk	 1995;	Murray	&	Alve	 1999;	Kimoto	
et	 al.	 2003).	 The	 change	 in	 carbonate	 ion	 concentra-






under	 low	 salinity	 in	 the	 present	 experiment	 (Pl.	 1),	
starting	with	tests	becoming	slightly	opaque	and	then	
dissolution	 starting	 from	 last	 chamber,	 has	 also	 been	
reported	 by	 Le	 Cadre	 et	 al.	 (2003),	 while	 observing	
the	 effects	 of	 low	pH	on	Ammonia beccarii.	Opaque	
tests	have	also	been	reported	from	field.	However,	the	
dissolution	 does	 not	 progress	 chamber-by-chamber,	
except	a	last	few	chambers.	After	near	complete	disso-










Wright	 (1976)	 that	 foraminifera	 can	 repair	 and/or	 re-
generate	 their	 tests	 after	 damage	 arising	 out	 of	 either	
physical	 injury	 or	 chemical	 effects.	Decalcified	 living	
specimens,	when	cultured	under	favorable	conditions,	
showed	 pseudopodial	 emissions	 and	 recalcification	










were	 subjected	 to	hyposaline	water	developed	 abnor-
malities	 during	 recalcification	 after	 partial	 dissolution	
of	the	tests.	The	rate	of	regeneration	of	test	was	com-







of	 calcium	 carbonate	 layer	 to	 the	 whole	 test,	 every	
time	a	new	chamber	is	formed,	rather	than	any	healing	
mechanism.	However,	 such	 regeneration	 of	 dissolved	
chambers	by	 the	 specimens,	 not	 through	 any	 specific	
mechanism	 to	 recover	 damage	 induced	 to	 the	 cham-
bers,	rather	as	a	result	of	normal	process	of	addition	of	
calcitic	layer	to	the	whole	test	in	certain	foraminiferal	





chambers	 were	 abnormally	 oriented	 away	 from	 the	
normal	 plane	 of	 orientation	 of	 the	 earlier	 chambers	
formed	under	normal	conditions	(Pl.	1).	These	findings	
can	help	explain	the	increased	abundance	of	abnormal	
specimens	 in	 areas	 subjected	 to	 short-term	 ecological	
variations,	especially	salinity	variations	(Murray	1989).	
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This	abnormality	in	the	chambers	added	during	regen-





proportion	 of	 abnormalities	 in	 environments	 with	
strong	hydrodynamics.












from	 short-term	 low	 salinity	 changes,	 the	 signatures	
of	hyposaline	conditions	are	retained	by	the	test	in	the	







thors	 are	 thankful	 to	Prof.	Maurizio	Gaetani	 and	Prof.	Emmaneul-	







Angell	 R.W.	 (1967)	 -	 Test	 recalcification	 in	Rosalina flori-
dana	 (Cushman).	Contr. Cushman Found. Foramin. 
Res.,	18:	176-177.
Boltovskoy	E.	&	Wright	R.	 (1976)	 -	 Recent	 Foraminifera.	
515	pp.	The	Hague,	Dr.	W.	Junk	Publishers.	
Boltovskoy	E.,	Scott	D.B.	&	Medioli	F.S.	(1991)	-	Morpho-
logical	variations	of	benthic	 foraminiferal	 tests	 in	re-
sponse	to	changes	 in	ecological	parameters:	a	review.	
J. Paleontol.,	65:	175-185.
Bouchet	V.M.P.,	 Sauriau	 P.G.,	Debenay	 J.P.,	 Blondin	 F.M.,	
Schmidt	 S.,	Amiard	 J.C.	&	Dupas	B.	 (2009)	 -	 Influ-
ence	of	 the	mode	of	macrofauna-mediated	bioturba-
tion	on	 the	vertical	distribution	of	 living	benthic	 fo-
raminifera:	First	insight	from	axial	tomodensitometry.	
J. Expt. Mar. Biol. Ecol.,	371:	20-33.
Bradshaw	 J.S.	 (1955)	 -	 Preliminary	 laboratory	 experiments	
on	 ecology	 of	 foraminiferal	 populations.	Micropal-
eontology,	1:	351-358.
Bradshaw	J.S.	(1961)	-	Laboratory	experiments	on	the	ecol-
ogy	of	foraminifera.	Contr. Cush. Found. Foram. Res.,	
12:	87-106.	
Brown	 J.,	 Colling	 A.,	 Park	 D.,	 Phillips	 J.,	 Rothery	 D.	 &	
Wright	 J.	 (1999)	 -	 Sea	 water:	 its	 composition	 prop-







Campos	 E.J.	 (2008)	 -	 Benthic	 foraminiferal	 assem-
blages	 of	 the	 South	 Brazil:	 Relationship	 to	 water	
masses	and	nutrient	distributions. Cont. Shelf Res.,	28:	
1674-1686.
Frezza	V.	&	Carboni	M.G.	 (2009)	 -	Distribution	of	 recent	















Kemp	 A.C.,	 Horton	 B.P.,	 Corbett	 D.R.,	 Culver	 S.J.,	 Ed-
wards	R.J.	&	Plassche	O.V.	(2009)	-	The	relative	util-
ity	of	foraminifera	and	diatoms	for	reconstructing	late	




















Murray	 J.	 (2006)	 -	 Ecology	 and	 Applications	 of	 Benthic	











Nigam	R.,	 Khare	N.	&	 Borole	D.V.	 (1992)	 -	 Can	 benthic	
foraminiferal	morpho-groups	be	used	as	 indicator	of	
paleo-monsoonal	precipitation?	Estu. Coast Shelf Sci.,	
34:	533-542.
Nigam	R.,	Khare	N.	&	Nair	R.R.	(1995)	-	Foraminiferal	evi-




experiment	 to	 study	 effect	 of	 salinity	 variations	 on	
benthic	 foraminiferal	 species	 -	Pararotalia nipponica	
(Asano).	J. Geol. Soc. India.,	67:	41-46.
Nigam	R.,	Kurtarkar	S.R.,	Saraswat	R.,	Linshy	V.N.	&	Rana	
S.S.	 (2008)	 -	 Response	 of	 benthic	 foraminifera	 Ro-
salina leei	to	different	temperature	and	salinity,	under	
laboratory	 culture	 experiment.	 J. Mar. Biol. Assoc. 
U.K.,	88:	699-704.
Robinson	 M.M.	 &	 McBride	 R.A.	 (2008)	 -	 Anatomy	 of	 a	
shore-face	 sand	 ridge	 revisited	 using	 foraminifera:	
False	 Cape	 Shoals,	 Virginia/North	 Carolina	 inner	
shelf.	Cont. Shelf Res.,	28:	2428-2441.






era	 from	 the	 northwestern	 Mediterranean	 coast	 of	
Egypt.	Rev. Micropaléontol.,	46:	111-130.
Scott	D.B.,	Medioli	F.S.	&	Schafer	C.T.	(2001)	-	Monitoring	
of	 coastal	 environments	 using	 foraminifera	 and	 the-




servations	 in	 laboratory	 cultures.	Mar. Micropaleon-
tol.,	36:	189-204.
Stouff	V.,	Geslin	E.,	Debenay	J.-P.	&	Lesourd	M.	(1999b)	-	
Origin	 of	 morphological	 abnormalities	 in	Ammonia	
(Foraminifera);	studies	in	laboratory	and	natural	envi-
ronments.	J. Foramin. Res.,	29:	152-170.
Vilela	 C.G.	 (2003)	 -	 Taphonomy	 of	 benthic	 foraminiferal	
tests	of	the	Amazon	shelf.	J. Foram. Res.,	33:	132-143.
